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TNTRODUCTION. This work was originally undertaken in October,
191a, with the idea of investigating the nuclear phenomena in the genus

Coprinus, but, owing to difficulties experienced in the germination of the
spores, attention was subsequently centred on that. The observations
recorded in this paper were made in the Botanical Department of the
University of Bristol.

Work on coprophilous Fungi generally has been largely morphological
and systematic, but a good deal of attention has been paid to the germina-
tion of the spores.

Historical. The opinion was held for many years that the spores
of coprophilous Fungi would only germinate after having passed through
the alimentary canal of an animal, but there is very little direct evidence on
this point. Janczewski (11, pp. 257-62), 1871, attempted to germinate the
spores of Ascobolus furfuraceus in nutrient solutions, but failed. He there-
fore fed rabbits with bread containing spores, and found germination had
commenced when the dung was deposited. De Bary (7, pp. 375-7), 1884,
germinated spores of coprophilous Phycomycetes—Mucor, &c.—in pure
water, and was successful in germinating those of Sordaria and Coprinus in
nutrient solutions. His attempts with Ascobolus furfuraceus, however,
failed. Brefeld (2-4), 1891, was unable to germinate the spores of the
latter genus, but he was very successful with those of various species
of Coprinus and other Agaricineae. Massee and Salmon (14, 15), 1901,
experimented with the spores of Ascobolus perplexans and Ascobolusglabcr.
The spores germinated in nutrient solutions at 8o° F. after twenty hours,
but at 6o° F. only very feeble germination occurred after a much longer
period. Attempts to germinate the spores of other species of Ascobolus
and those of other Fungi failed. Falck (9, pp. 1-3), 1904, was unable
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to germinate the spores of coprophilous Basidiomycetes. He passed some
spores through the bodies of maggots to see if this would have any effect on
their germination, but it did not. Blackman and Fraser (1, p. 355), 1906,
failed to germinate spores of Humaria granulata in nutrient solutions, the
same difficulty being experienced by Fraser (10, pp. 350—1) with the spores
of Lachnea stercorea. Germination only took place after the spores had
been passed through various digestive fluids. Schmidt (20, pp. 73-5),
1912, working on the propagation of the coprophilous Fungi, found in the
case of many Phycomycetes and Ascomycetes that a certain temperature
was necessary for the germination of the spores. Above this temperature
(4O°-42° C.) germination would only occur when certain chemical reagents
were also used. He was unable to germinate the spores of some genera of
Ascomycetes at all. From the above evidence it is seen that a general
difficulty has been experienced in the germination of the spores of copro-
philous Fungi.

Material. The material for the following work was obtained on cultures
of horse-dung, which were set out at regular intervals to ensure a continuous
supply in the laboratory.

The species of Coprinus used for these observations was submitted to
Mr. A. D. Cotton, of the Kew Herbarium, for identification. He named it
Coprinus sterquilinus, Fr., belonging to the ' comatus' section. The
blackening of the apex of the stalk with age is a characteristic feature. The
species possesses a ring, and before opening resembles a very slender
comatus in form. The above is quoted from Mr. Cotton's description.
This species only appeared during the winter months on cultures kept
at 250 C. and 300 C, but it grew equally well at all temperatures from
150 C. to 300 C. throughout the summer.

The germination of the spores. Several attempts were made to germi-
nate the spores in different nutrient solutions, those suggested by Kiister
(12, pp. 114-45) as particularly suitable for the germination of Coprinus
spores being tried, but without success. Fraser's method of digesting the
spores was then followed exactly as given below, and germination took
place (10, pp. 350—1). Spores were placed successively in:

1. Saliva.
2. Gastric juice (a few drops of liquor pepticus of Bengerin 02 per cent.

aqueous solution of HC1).
3. Pancreatic juice (one part ofBenger's liquor pancreatus to two parts

of 1 per cent, aqueous solution of sodium carbonate).
4. Liquid extract of horse-dung.
The spores were left in each of the first three fluids for three hours, and

in the last for fourteen to eighteen hours at 390 C. They were then placed
in a temperature of 250 C.

Brefeld (2, pp. 14-16) was able to germinate the spores of Coprinus
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stercorarius in liquid extract of dung without any trouble. He says:
' Sie keimen sofort, wenn ein Tropfen Nahrlosung —Mistdecoct —sie umgibt;
auch wenn die Sporen langer als ein Jahr trocken aufbewahrt sind, werden
nach wenigen Stunden schon die Anzeichen der Keimung deutiich.' More
attempts were therefore made according to Brefeld's method. Hanging-drop
cultures were made continuously for several weeks in solutions of varying
strengths and at different temperatures, but without success. Eventually
the spores in one culture commenced germinating vigorously. These were
stained on the coverslip according to the method devised by Overton (22,
pp. 27-9). On staining, the mycelial tubes were found to be so thickly
covered with Bacteria (PL VII, Fig. 10) that their contents were indistin-
guishable. The spores were again successfully grown m<the same medium,
but the Bacteria were always present. This- suggested that perhaps the
Bacteria played some part in the germination. Accordingly, part of the
medium was sterilized by first passing it through a candle filter, and then
heating it for two hours at 144° C. in the autoclave.

Hanging-drop cultures were made with and without the Bacteria. In
those with the Bacteria, germination always took place within twenty-four
hours, but it never occurred at all without them. These experiments seem
to show that the Bacteria are in some way necessary for the germination of
the spores. This is again borne out by the fact that they were also present
in the cultures in which the spores had first been passed through digestive
fluids.

The Bacteria. ' Brazilin was found to be a good stain for differentiating
the Bacteria from the mycelium, but it gives no differentiation in the
Bacteria themselves. They can, however, be detected under the microscope
without staining. The Bacteria are very short rods measuring 08 \J. by x-% y.
in breadth and length. They occur in large numbers covering the mycelial
tubes, particularly at those places where branching occurs, that is, at the
centres of the greatest activity (Figs. 6,7,10). In such cases it is impossible
to distinguish the tubes underneath. Occasionally the Bacteria occur in
chains or in groups of three or four, but more often they are scattered evenly,
there being as many as 4,000,000 to the square millimetre. Lohnis (13,
p. 105) figures Bacteria in such groups and chains as common forms in
manure from farmyards.

The Bacteria develop quite well without the spores in liquid dung
decoction, but so far have not grown in beer wort. They seem to grow
better in cultures where spores are present. This suggests some kind
of interdependence between the two, but of exactly what nature it is
difficult to ascertain. Many attempts have been made to isolate the
Bacteria on solid media, but so far without much success. In view of the
fact that the Bacteria are abundantly present in the liquid extract of dung,
this result is very peculiar.
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In some hanging-drop cultures of the Bacteria, rod-like forms appeared
after about five days, and these always seemed to inhibit germination and
development of the spores. The actual significance and function of these
bacilli has so far not been worked out, owing to difficulties in staining
and isolation. The characteristics of the two forms of Bacteria have not as
yet been determined owing to the impossibility of isolating them in pure
cultures.

Germination of the spores is most vigorous at 300 C, so that the
combined influences of warmth and the Bacteria seem to react favourably
on the spores, and lead to their development.

A few experiments were made on the connexion between the germina-
tion of the spores of Mucor and Coprinus, since the two never germinate
together, the one which first commences to develop apparently preventing the
other from doing so at all. Mucor, being thinner walled, &a, is usually the
one to attain the dominance, since it responds more quickly to the stimulus
of moisture, &c. Hanging-drop cultures of Mucor and Rhizopus nigricans
were made with and without the Bacteria, and showed peculiar results.
Germination of these spores only occurred when the Bacteria were absent.
This is contrary to what would naturally be expected, since it does not seem
probable that the Bacteria should prevent the development of the Mucor
spores, as they must both be present in the dung from the beginning.
If there is any interdependence between the Coprinus spores and the
Bacteria, then it is possible that the latter only develop to their full extent
when the former are present, and vice versa, so that the Bacteria may
produce something not altogether favourable to the germination of the
Mucor spores.

No reference can be found to any similar case of so close a connexion
between the germination of Fungus spores and Bacteria. It is, however,
a well-known fact that the spores of Myxomycetes will not germinate with-
out Bacteria. Nadson (17, p. 37) has worked on the development of
Dictyostelium mucoroides, Bref., and finds that certain Bacteria are of great
benefit to the spores. Molliard (16) found that certain Bacteria aid the
development of the perithecia in Ascobolus. He says: ' J'ai pu me convaincre
que c'est bien a une association du champignon avec la bacterie qu'il faut
rapporter la formation abondanteet native des peritheces.' He thinks these
Bacteria assist the mycelium in producing' une atmosphere confine'e ', which
it is incapable of realizing alone. Falck (9, pp. 1-3), after passing the spores
of certain Basidiomycetes through the bodies of maggots, found they were
covered with Bacteria, and had on that account to be examined very care-
fully. He did not endeavour to find out whether the Bacteria had any
influence on the germination, but it seems not unlikely that they would have
reacted favourably on the spores, had they not been removed before he
made any observations. Cutting (6, pp. 400-2) had great difficulty in
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germinating the spores of AscopJianus carneus, Pers., but found that an
alkaline medium combined with a certain temperature was necessary. He
was unable to obtain pure cultures, growth proceeding only for a very short
time, certain Bacteria, which were always present, seeming to him to stop
growth, owing to their using up the oxygen. Wehmer (21, pp. 311—16)
found it impossible to germinate spores of Merulius, although various
methods were tried during a period of three years. He seemed to think
that the spores are incapable of development, and that propagation takes
place vegetatively. Falck (9, pp. 1-3) also thinks that among the innumer-
able spores that are formed by Basidiomycetes, only a few are able to
develop. This does not seem the case in Coprinus, the difficulty here
being more likely one of failure to obtain the right conditions for germina-
tion. These conditions must necessarily be hard to imitate for copro-
philous Fungi, owing to the nature of their substratum and dissemination.

Molliard's explanation (16) quoted above can hardly be applied in the
case of the germinating Coprinus spores and their accompanying Bacteria.
Probably the Bacteria produce substances favouring the growth of the
Fungus spores, whilst the activity of the Coprinus mycelium in its turn and in
the same way benefits the development of the bacterial cells. About this
there can in fact be no doubt. The actively growing Bacteria are found
covering in large numbers the mycelial tubes of the Fungus, especially
at points where branching occurs (Fig. 10). Possibly also in each case
injurious by-products are formed by one of the two organisms which may
be removed or rendered innocuous by the other. The fact that the presence
of the longer bacilli inhibits the development of the Coprinus mycelium
seems to point to the fact that in this case at any rate some toxic compounds
are formed which are not removed.

Schmidt (20, pp. 73-5) finds that the combined influences of a fairly
high temperature and certain chemical reagents will lead to germination in
some cases. It seems not unlikely that the Bacteria may play the same
part as these chemical reagents. In 1905 Duggar, in a paper on Mushroom
growing and spawn-making (8, pp. 12-18), gave an account, in the section
on Germination Studies, of Margaret Ferguson's work on the relation of
stimuli on germination in certain species of Agaricus. From her results she
concludes 'that the problems involved are not the well-known simple
nutrient and physical factors '. Thousands of cultures were made in nutrient
media, but germination was only erratic. When a bit of mycelium was
introduced into the culture, almost a perfect percentage of germination was
obtained. Duggar concludes the stimulus here to be of enzymatic nature,
although perhaps it could only be looked upon as a substitution stimulus,
and not one which would obtain in nature. It seems probable that the
Bacteria have the same sort of influence as the living tissue in the case of
Agaricus campestris, their influence being possibly of an enzymatic nature.
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Brefeld has not worked on this particular species of Coprinus, and
it is very likely that different conditions may be needed here for germina-
tion. In preparing his media, Brefeld (5, p. 32) never subjected them to a
higher temperature than 8o°-9O° C. The Bacteria have to me proved very
hard to kill, and the medium had first to be passed through a candle filter
and then heated for two hours at I44°C, in order to completely sterilize it.
Brefeld thought that heating above 900 C. altered the chemical constituents
of the medium, but it may equally well have the effect of killing the
Bacteria and in that way of rendering it unfit for germination purposes.

Formation of the mycelium. The spores of Coprinus sterquilinus, Fr.,
measure 0-15 mm.—0-18 mm. in length, and 0008 mm.̂ -o-oia mm. in breadth,
and they do not seem mature until about three weeks after they have been
shed; but if dried for two days at 400 C, they will germinate at once.
This resting-period, which was also noticed by Falck (9, pp. 1-3), may be
an adaptation on the part of the spores to retard germination until the
substratum has become fairly dry and such Fungi as Mucor have dis-
appeared.

The stages in the formation of the mycelium agree in the main with
those figured by Brefeld (2, pp. 14-16) for other species of Coprinus. Fig. 1
shows the clear, light-refracting 'Blaschen' which first appears, and from
which, in about two days, one or more germ-tubes are put out (Figs. 2-5).
The vesicle never attains the size of the spore as described by Brefeld
(2, pp. 14-16) for C. stercorarius, scarcely even becoming one-half as
big (Figs. 2-5).

After two or three days a much-branched mycelium is formed, growth
proceeding very quickly once germination has taken place. Fusions
between neighbouring hyphae appear very abundantly after the fourth
or fifth day. These fusions are characteristic of the mycelia of many
Basidiomycetes. Brefeld (2, p. 19) has only figured fusions between hyphae
of the same mycelium in Coprinus stercorarius, but he says : ' Nicht ganz
ohne Interesse schienen mir Versuche zu sein, wie sich zwei verschiedene
Mycelien zu einander verhalten mdchten.' Fusions between hyphae, from
different mycelia, which run closely parallel with one another, have often
been observed in cultures of C. sterquilinus (Figs. 8 and 9). The significance
of such fusions is difficult to determine. Brefeld (2, p. 19) suggests that
those between hyphae of the same mycelium are for balancing the cells.
The same idea may also hold for those between different mycelia, and the
fusions may be an advantage when several spores are germinating in a con-
fined space. Thus the different mycelia may help instead of hindering one
another.

Many attempts have been made to obtain pure cultures of Coprinus on
solid media, but without success.
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SUMMARY.

1. The spores of Coprinus sterquilinus, Fr., will not germinate witlwut
Bacteria.

2. These Bacteria are short rods, measuring 08 /* in breadth and
1-2 /1 in length.

3. The Bacteria are most abundant towards the centre of the mycelium,
and at those points where branching occurs.

4. Development of the Bacteria is better in cultures where spores
are present and are germinating.

5. The presence of certain longer bacilli prohibits development of the
mycelium.

6. Germination is most vigorous at 30° C, and does not occur at
all below 200 C.

7. Fusions between neighbouring hyphae of different mycelia frequently
occur.

CONCLUSION.

It seems from the above results that these Bacteria are necessary
for the germination of the spores of Coprinus sterquilinus, Fr., but in exactly
what way they are of benefit to the spores is still matter for conjecture.
Certainly they aid the spores in some way, and the question arises as to
whether the spores are of any benefit to the Bacteria. From the way
in which they cover the mycelial tubes this would seem to be the
case. Nadson (18, p. 38), fully recognizing the importance of pure cultures,
yet thinks that in some cases development is better where certain micro-
organisms are also present. This theory is quite tenable if applied to the
case of C. sterquilinus, since many Bacteria pass through the animal with
the spores, so that their presence in artificial cultures may more closely
approximate the conditions to those in nature.

The writer wishes to take this opportunity of expressing her thanks to
Dr. O. V. Darbishire, under whose helpful direction and advice this work
has been carried on.
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EXPLANATION OF PLATE VII.

Illustrating Miss Baden's paper on Germination of the Spores of Coprinus slerguilinus, Fr.

(All the figures are drawn with the Abbe1 drawing apparatus. Figs. 1-5, 9, and 10 are dr»wn
without the Bacteria, for the lake of clearness. Figs. 9 and 10 on a lower scale.)

Fig. 1. Germination of spore, showing clear, light-refracting vesicle (Leitz, obj. 7, oc. 4).
Fig. 3. Germ-tubes arising from vesicle (Leitz, obj. 7, oc 4).
Fig. 3. Showing Fig. 3 more advanced (Leiti, obj. 7, oc. 4).
Fig. 4. Germinating spore after about thirty-six honn (Leitz, obj. 7, oc. 4).
Fig. 5. Ditto, after forty-eight hours (Leitz, obj. 7, oc. 4).
Fig. 6. Germinating spore in early stages, thickly covered with Bacteria (Leitz, obj. 3, oc. 4).
Fig. 7. Shows a slightly older stage than Fig. 8, the germ-tubes being covered with Bacteria

(Leitz, obj. 3, oc 4).
Fig. 8. Cross-fusion between different mycelia at x, showing open connexion (Leitz, obj. 7, oc 4).
Fig. 9. Neighbouring mycelia, A, B, and C from different spores, connected together by cross-

fusions at x^ and JT, (Leitz, obj. 3, oc 3).
Fig. 10. Mycelium covered with Bacteria, particularly towards the centre and at those points

where branches are given off (Leitz, obj. 7 oc. 3).
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